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ANATYTICAL STUDY OF THE WORK FUNCTION
CHARACTERTSTICS OF A METAL IMMERSED
IN CESIUM VAPOR - SURFACE CONTRIBUTION
by Keung P. Luke

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio

It is well known that adsorbed cesium significantly reduces the electron work function
of the emitter and collector in a cesium thermionic diode. Figure 1, which is based on the
data reported by Houstonl of General Electric,
shows how this reduction in eleclron work function
3.0 4 -Lpe varies with the ratio of metal surface tem-
perature to cesium reservoir temperature Tg/Tg.
0% (All symbols are defined in the appendix.)
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%‘A In an effort to derive an analytic expression
A R to represent data of the type shown in figure 1, it
% A W aB"K is found that the metal surface plays a far more
A W a73° K important role in the adsorption process than that
Tad3® K attributed to it in the literature. It will be
Tad73° K shown that because of the presence of the metal
A surface it is necessary to consider the effective
LN electric field acting on each adsorbed particle,
A the effective polarizability of each adsorbed par-
ticle, and a new expression for the variation in

atom desorption energy with gas coverage.

Data from ref, 1
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o8 Consider the model of an adsorbed particle

| I | | A shown in figure 2. Let ﬁeff i be the effective
o 1.0 20 30 40 50 60 dipole field acting on the ith agsorbed particle.
Ratio of metal surface temperature to cesium Because of this field, the effective dipole moment
reservoir temperature, Tc/Teg T pp ; Of this particle is changed by Zui-ﬁeff i
Figure 1. - Work function variation as function of ratio  to yield a new effective dipole moment _ﬁeff i ’
of surface to cesium temperature. given by the relation ’
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- - -
Perf,i = Mepr,i + 20iBerr,1 (1)

-
The effective dipole field —E’eff’i consists of the field Eii produced by the image
of the dipole cgi'i])eff}i induced in the i'h adsorbed particle by Eerr,i and the field

[o2]
E ﬁik produced by all the other effective dipoles (adsorbed particles),' that is,

ksl - - >
Bepr,i = Bij + Zl By (2)
 Metal surface Resultant effective dipole /7 k;l
i Eet, Assuming that the field Eijj acting on
+ -_— Feﬂn - the ith adsorbed particle is uniform and
t] = .
[ ) - \\ equal to E;x at the surface yields
. /)"1' Eett,i L ) -
N N - Cilere i
Big = 2 gt (3)
Figure 2. - Model iltustrating change in effective dipole moment of adsorbed particles in Z5 ,i

presence of other adsorbed particles.
™ X-52026
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> Peff,k

Bix = -—=*— (4)
Tix

Substituting equations (3) and (4) into equation (2) leads to the important new result

oo

-
- Peff,k
Berr,i = =—2e— —= (5)
2&1 I'3
1~ —= ik
3 K1
0,1 k%l

Using»the previous expression for ﬁéff’i in equation (1) yields the following equation
for Peff,{®
2

= > 20‘1 Berr x
Pers,i = Werf,i = § —z= (6)
Zo i

2

If the configuration of the effective dipoles associated with the adsorbed particles
is assumed to be a Topping square array, equation (6) may be written as

-

Meff (7)
3/2
1 + 9.033 agep(Ng6)

-
Perf =

where all dipoles are considered identical, and the effective polarizability aersf 1is de-
fined as

a = _ > (8)

It should be noted that the new and unique feature in equation (7) is the use of the effec-

tive polarizability Oeff in the denominator. For the cesium tungsten system, analysis of

Taylor and Langmuir's data’ yields the value of 18.7 A3 for the effectlve polarizability
Qepp of adsorbed cesium.

The atom desorption energy ¢4 is the work Wy needed to take an adsorbed particle
from the surface to infinity in the form of an atom. Thus, it may be written as

Cpa = ws—oo (9)
or

AP, = AWgo00 = ~AWp_g

-
1,z 2 Perr =
= —[g a|Eerr|” - —— - Eef;;J (10)

The first term within the bracket in equation (lO) is the polarization energy, the second
is the interaction energy of the adsorbed particles and the effective dipole field acting
on them where Eepr is the effective dipole field given by equation (5). In terms of

- - .
ImefflJ N aeff’ and z,, equation (10) becomes

Q)Qo-Ww



E-2575

g T S
Since
AP = -25telNg(Papr - 1)6 (12)
and
Berr © 0 = +|Berr| (13)
equation (11) may be written in the form
A 2
A, = -4“iff (% + Q§§f> lﬁefflz - ZEEiEEE (‘gé) (14)

The previous expression is the desired equation for the atom desorption energy.

Equation (14) is compared to the data of Taylor and Langmuir2 on the variation in
cesium atom desorption energy from a tungsten surface. The values for |ﬁéff| and Qgryp

are determined from their work function data, and 2z 1is chosen so that the calculated
values of -Ap, fit the data at medium and at high coverages. The various values used are

9.70 Debyes

1]

.
[Tege|
Gopp = 18.7 A as)

°
2 = 3.22 A

Ny = 4 68x1014/cn?

1]

Figure 3 shows the comparison of the calculated and experimental values of -&p, . Points
for the solid line are computed from equation (14), and points for the dotted line are com-

puted from .
L el ® - 5 (A—%> T e
£ -
4aeff © 4n2e2N§ 0

12— APy,

o

which is equation (14) with the term
= aepp/zd  set equal to zero. Equation (16)
With surface corresponds to the case in which an adsorbed

K4
< 8f— ;
g contribution particle's own image field is not taken into
§ B - account in the determination of the total
g 6l— " dipole field acting on it.
5 -~
3 — ,’f It is interesting to note that the po-
£ o7 Without surface . PR .
£ 4= 7 contribution larizability o of adsorbed cesium computed
£’ s from equation (8) with the values of Ggpr
=3 - / ’ o
& o / O Data(Taylor and 2z, given in equation (15) is 6.00 AS,
° .2 S /, and Langmuir) which is quite close to the ionic polariza-

Ney/4 bility of cesium. Also, the value of z,/2

’ | | | . | . I . l is close to the ionic radius of cesium.
0 .2 4 .6 8 .0

In this paper it has been shown that

Coverage, o
the correct polarizability that should be

Figure 3, - Variation In cesium atom desorption energy
from tungsten surface as function of cesium coverage,



used in equation (7) is the effective polarizability defined by equation (8). In addition,
it is demonstrated that the variation in atom desorption energy is closely related to the
variation in electron work function with coverage.

APPENDIX -~ SYMBOLS

e electronic charge

b dipole field

Bepsr  effective dipole field

ﬁeff effective dipole moment as coverage approaches zero

a unit vector normal to and coming out of surface

Ng number of adsorption sites per unit area

3éff effective dipole moment at coverages greater than zero
rik distance between ith and h®" adsorbed particles

Tes cesium reservoir temperature

Tg surface temperature

Weoo work required to take a particle from surface to infinity

Mg o change in work required to take a particle from surface to infinity

AM;_S change in work required to take a particle from infinity to surface
Zo distance between center of an adsorbed particle and center of its image
@ polarizability of an adsorbed particle
SN effective polarizability of an adsorbed particle
6 coverage, or fraction of surface occupied by adsorbed particles
Pg atom desorption energy
Ama change in atom desorption energy
APe change in electron work function
Subscripts:
ik 151 and kP adsorbed particles
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